An orthologue of Dmrt1 has been cloned and characterized in the lizard, Calotes versicolor (CvDmrt1). CvDmrt1 encodes alternatively spliced transcripts in genital ridge during gonadal differentiation and in adult testis. Its expression in genital ridge initiates from day 3 and is restricted to mesenchymal cells, which differentiate into the Sertoli cells. Lack of expression in the coelomic epithelium of GR shows that CvDmrt1 expression occurs only in the testicular pathway, and that the Sertoli and granulosa cells in GR may originate from different primordia. From day 25 onwards, the expression shifts majorly towards the germ cells both in testis and ovary. Thus its role in sexual differentiation of C. versicolor, which lacks CSD and TSD, is well documented. q
Introduction
DMRT1 (Doublesex Maleabnormal-3 Related Transcription factor-1) belongs to a family of genes, which shares sequence similarity with the unusual zinc finger DNA binding DM domain of the genes, doublesex (dsx) in D. melanogaster and maleabnormal-3 (mab3) in C. elegans (Raymond et al., 1998; Ottolenghi et al., 2002) . Both in Drosophila and Caenorhabditis, these genes play a causal role in sexual differentiation. In human, DMRT1 is present on 9p23.4 and monosomy of this region in XY individuals manifests as sex-reversal and gonadal dysgenesis (reviewed in Ottolenghi and McElreavey, 2000) . In a couple of recent studies, XX patients with deletion of the distal 9p are also shown to be associated with impaired ovarian formation (Muroya et al., 2000; Ogata et al., 2001) . In mouse, Dmrt1 null males have severe defects in postnatal testis while the mutant females are normal and fertile . Thus, like in Drosophila and the worm, DMRT1 has a decisive role in gonadal (more importantly in testis) differentiation in mammals. In humans, DMRT1 is expressed only in the Sertoli cells of XY genital ridge, but not in the XX embryos during sex determination (Moniot et al., 2000) . In mouse, it expresses first in both XX and XY embryonic genital ridges and later only in the Sertoli and germ cells of the XY gonads (Raymond et al., 1999a; Grandi et al., 2000) . Interestingly, orthologues of DMRT1 have been discovered in birds (on Z chromosome, Nanda et al., 2000) , reptiles and other lower vertebrates and shown to express in the genital ridge during embryonic development (Raymond et al., 1999a; Shan et al., 2000; Marchand et al., 2000; Guan et al., 2000) . In TSD reptiles, its expression is seen from the beginning of the temperature sensitive period (Smith et al., 1999; Kettlewell et al., 2000) . In the fish Medaka, a duplicated copy of Dmrt1 has been reported on its Y chromosome (Nanda et al., 2002) and it has been shown to play a role equivalent to that of mammalian SRY in its sex determination (Matsuda et al., 2002 ; called DMY by these authors). Hence, DMRT1 appears to be an important gene in the pathway of gonadal differentiation in mammals as well as lower vertebrates, though the nature of its transcript(s) and the cell specific expression patterns during gonadogenesis remain to be better defined.
Unlike the vertebrates considered above, the Indian garden lizard, Calotes versicolor, neither shows cytologically distinguishable sex chromosome (CSD) (Singh, 1974; Ganesh et al., 1997) nor temperature dependent sex determination (TSD) (Ganesh and Raman, 1995) . However, male hormone treatment of eggs during early development (day 10 and 15) leads to sex-reversal from female to male (Ganesh and Raman, 1995) . The female hormone shows no effect, but application of inhibitor of the enzyme Cyto p450 aromatase at a later stage also causes female to male reversal. This unidirectional reversal suggests male to be the inducible, and thus the 'heterogametic', sex in Calotes versicolor (Ganesh et al., 1999) . It is expected that there would be cryptic(?), if any, sex-linked genes and certain autosomal genes whose interaction would regulate sex determination/ differentiation in C. versicolor. The expression pattern of the autosomal CvSox9 (orthologue of SOX9), for instance, plays an active role in the Sertoli cell differentiation in testis formation (Choudhary et al., 2000) . In pursuance of our efforts to delineate the genic mechanism of sex determination and differentiation in C. versicolor, we have cloned a part of the lizard homologue of DMRT1 (CvDmrt1), and studied its spatio-temporal expression during gonadal differentiation. The results suggest critical role of CvDmrt1 in the differentiation of Sertoli cells in testis and later in the germ cell proliferation, both in testis and ovary. We also show that multiple, alternatively spliced transcripts of CvDmrt1 occur in all the embryonic stages analyzed.
Results

Characterization of orthologue of DMRT1 in C. versicolor
A human DMRT1 (hDMRT1) cDNA fragment was used as a probe to locate its homologue in the Calotes genome. Human DMRT1 gene is organized into five exons and four introns distributed over 120 kb and produces a functional transcript of ,2.8 kb in the adult testis. It is predicted to encode a 373 amino acid protein, a putative transcription factor, with a single DM DNA binding domain near the Nterminus and a conserved proline/serine rich domain at the C-terminus (Raymond et al., 1999b) .
Pst1-digested male and female genomic DNA from Calotes was southern hybridized with hDMRT1. Autoradiograms of the blots (washed in 1XSSC, 0.1% SDS at 65 8C) lighted multiple bands (Fig. 1A) , indicating existence of DMRT1 like gene in the lizard genome. The digested DNA was also hybridized with PCR-generated cDNA probe from Calotes (CvDmrt1 606 bp; details described below). That too revealed multiple bands including those seen with hDMRT1 cDNA. Certain bands were polymorphic in both sexes (Fig. 1B) .
Cloning and sequence analysis of CvDmrt1
RNA from the adult testis of C. versicolor was subjected to RT-PCR using degenerate primers for Dmrt1. The major amplicon of ,600 bp was gel purified, cloned and sequenced (accession no. AF464141). This 606 bp fragment contained Dmrt1 homologous sequence, including about 3/4 of the predicted Dmrt1 coding sequence extending from the middle of the DM domain towards the C-terminus of the protein, encompassing the conserved region 1 and part of region 2 (Fig. 2 , see Fig. 1 in Chen and Heckert, 2001 ). Alignment of CvDmrt1 sequences showed extensive homology with orthologues from other vertebrate species, both at nucleotide and amino acid level (Table 1) . However, the conserved proline/serine rich domain at the C-terminus was beyond this amplicon, and thus excluded from it. Comparison of the putative intron locations in CvDmrt1, based on sequences in human and the fish, fugu, (Raymond et al., 1999b; Brunner et al., 2001) , revealed the presence of entire exons 2 and 3, and parts of exons 1 and 4 (Fig. 2) . On the strength of this analysis, an alignment of intron junctions of Dmrt1 of different species was done which revealed a high degree of conservation in the splice sites. Curiously, in Calotes the 3 0 splice donor site of exon 4 had a unique A ! G transition (Fig. 3 ).
Expression of CvDmrt1 during gonadal differentiation
The expression was analyzed through northern hybridization, semi-quantitative RT-PCR, and whole mount RNA in situ hybridizations (RISH). The latter was followed by histological examination. Northern analysis on total RNA of embryos from various days, and adult testis and liver of Calotes as well as mouse, showed a signal at ,2.6 kb only in the adult testis. A 2.4 kb band was seen in mouse testis (Fig. 4) .
Semi-quantitative RT-PCR and sequencing of the transcripts
Since northern hybridization failed to elicit signals in embryonic RNAs, the pilot RT-PCR with RNAs from different stages of mesonephros gonadal complexes (MGCs) of day 5-50, hatchling and adult testis, at least two fragments were obtained. Southern hybridization with the 32 P-labelled CvDmrt1 probe lighted up not only the two bands but another low molecular length band, that was otherwise not visible in the gel. This indicated that they all belonged to CvDmrt1. For the sake of convenience these three bands will henceforth be called CvDmrt1, d1, d2, respectively from the high to low molecular length. In order to resolve their nature, the three transcripts were cloned and sequenced. [The twin bands at 570 bp in agarose gel (See Fig. 5A , B) on being separately cloned yielded only one product of 570 bp, which also showed only one band in native and denaturing PAGE]. In all the three clones (570 bp-CvDmrt1; 492 bp-d1; 286 bp-d2), exon1, 2 and 4 were identical; difference lay only in the length of exon 3. CvDmrt1 was the full transcript, while d1 lacked 78 bp from the 3 0 end of exon 3, and d2 lacked entire exon 3 (Fig. 2) .
To further asses the relative levels of CvDmrt1 transcripts(s) during earlier stages of gonadal differentiation, semi-quantitative RT-PCR analysis was performed on indi-vidual MGCs from embryos of different days (8, 10, 13 and 15) . At this stage there were no morphological markers were available to distinguish the sex of the embryo. In the day 8 and 10 MGCs, CvDmrt1, d1 and d2 were present in all the samples with no obvious difference among them (Fig. 5A , B lane 1-6). However in day 13 and 15, while in certain MGCs all the three bands lighted up ( RT-PCR on MGC devoid of GR also amplified the three transcripts (though at much lower level; Fig. 5E , lane 2), while in the adult testis the predominant form was Dmrt1 (Fig. 5E, lane 3) . 
Whole mount RNA in situ hybridization (RISH)
In C. versicolor, the genital ridge (GR) is first seen on day 3. With the progress of time, GR grows and differentiates into medulla and/or cortex. RISH was performed with CvDmrt1 (606 bp) antisense riboprobe on MGCs of 3, 5, 10, 13, 15, 20, 25, 30, 35, 40 , 45 day embryos and 2-3 day old hatchlings. Each embryo (especially after day 10) was also examined for the presence or absence of the Wolffian duct (WD), Mullerian duct (MD) and genital tubercle. MD grew up to day 15 in both sexes and then regressed in certain, obviously male embryos. The tubercle occurred as a protrusion at the cloacal region in day 10 embryo and continued to grow till day 20 following, which it differentiated into male-specific hemipenis (hp). Thus it was only after day 25 that the embryos could be sexed with a degree of certainty: ones having hp and no MD were male and others having developed MD and rudimentary hemipenis (rhp) were female. This enabled us to process the post day 25 GRs separately for RISH, taking the former as putative males and the latter as females. Table 2 summarizes the number of samples processed and the results obtained along with the status of hp, MD, WD.
2.3.2.1. Spatially dynamic expression of CvDmrt1 during initial stages of gonadal differentiation. In the day 3 GR, CvDmrt1 expression was seen in all the six samples analyzed in the cells located centrally and internally in the mesenchyme but not in the coelomic epithelium (Fig. 6A , A 0 ). In seven out of 10 (7/10), day 5 MGCs, the signal occurred throughout GR (Fig. 6B ). In the rest, the signal was confined to the underdeveloped mesenchyme while the thickened, proliferating coelomic epithelium (Cortex) was devoid of it (Fig. 6B  0 ) . In the day 10 embryos, the dimorphism in expression pattern was even more pronounced as in 4/9 the signal occurred throughout GR (Fig. 6C ) and in the other 5, it was confined to the basal mesenchymal cells (not in the upper coelomic epithelium, Fig. 6C  0 ) . In histological sections of the corresponding MGCs, it was evident that even when seen in total GR, the expression occurs in the pre-sertoli cells of actively organizing testicular cords (medulla) (Fig. 8A) . In those GRs where it was poorly expressed the coelomic epithelium was enlarged due to proliferation and the expression was restricted to the basal mesenchymal cells adjoining the mesonephros (not shown). We assume that the two patterns are indicative respectively of prospective testis and ovary.
2.3.2.2. CvDmrt1 expression during testis differentiation (Day 13 to hatchling). In the putative male embryos (expression in whole GR) of day 13, 15, 20, 25, 30, 35, 40, 45 and hatchling CvDmrt1 was expressed in the testicular cords. After day 13 there was a steady drop in CvDmrt1 expression in the 15 and 20-day embryos ( Fig.  6D-F) followed by a gradual resurgence between day 25 and 40 ( Fig. 7A-D) . In day 45 (Fig. 7E ) and the hatchling testis (not shown) the expression was very low. In these embryos, while WD continued to grow, MD was visible from day 13 and began to regress from day 15 onwards.
The genital tubercle continued to grow moderately during day 13-20 differentiating into hemipenis by day 25. In histological sections of the RISH-MGCs, in day 13 the expression was restricted to presertoli cells of actively organizing testicular cords (Fig. 8B ) and in day 15 the expression was restricted to Sertoli cells of organized testicular cords (not shown). In the day 40 (Fig. 8C) and 45 (not shown) the signal was seen predominantly in the germ cells of the organized testicular cords. 7D 0 , E 0 ). In histological sections of day 35 MGC, the expression was noticed mostly in the large round cells (morphologically identified as germ cells; Fig. 8D ). Other cells (somatic cells) in the cortex also showed the signal. In addition to GR, expression was also noted in the mesonephric duct (precursor of WD), in the day 3 embryo (Fig.  9A ) that became more pronounced at later stages and was maximum in the WD and mesonephric tubules of day 20 embryos (Fig. 9B) . Feeble expression was also observed stage specifically in the mesenchymal cells surrounding the MD of day 30-45 putative female embryos (Fig. 7B 0 , C 0 D 0 and E 0 ).
Discussion
The present work shows that hDMRT1 and a DMRT1 degenerate primer-generated cDNA amplicon of 606 bp from C. versicolor, both hybridize with the Calotes DNA, showing multiple bands in DNA from both the sexes. It indicates the presence of DMRT1 orthologue in Calotes versicolor. Much polymorphism is encountered among individuals in sex unspecific manner. It is rather curious that in this wild species considerable degree of polymorphism is noticed in all the genes/orthologues so far identified, the significance of which remains unclear.
The high degree of homology of the 606 bp amplicon (CvDmrt1) with other vertebrates at the nucleotide and amino acid levels in the DM domain as well as other regions corroborates the evolutionary conservation of DMRT1 through the animal kingdom. Though role of Dmrt1 in vertebrate sex differentiation is not as well defined as in Drosophila and C. elegans, the male to female sex-reversal in 9p23.4 2 human and sterile males in Dmrt1 2/2 null mice emphasize a role for DMRT1 in male gonadogenesis. The male sterility in mouse is due to failure of the presertoli cells to differentiate into the Sertolis, and numerical poverty of the germ cells . The testis-biased expression of Dmrt1 is recorded in lower vertebrates also, regardless of their mode of sex determination. Significantly, in the TSD reptiles, the male-specific expression is discernible at the beginning of temperature sensitive period (Smith et al., 1999; Kettlewell et al., 2000) . However, its role in the determination of sex in mammals remains questionable because during mouse development its expression in GR precedes Sry and occurs both in the male and female. Its testis-specific function in the XY initiates later, after Sry expression (Raymond et al., 1999a; Grandi et al., 2000) .
Since C. versicolor does not typically belong to either CSD or ESD (Ganesh and Raman, 1995) , it will be important to track down gene(s) whose expression may coincide with the sex determination/differentiation process. Expression patterns of CvSox9 (Choudhary et al., 2000) and CvSf1 (Choudhary and Raman unpublished) already indicate their role in testis differentiation. Insofar that CvDmrt1 expression occurs initially in all the GRs (e.g. day 3 embryos) and later in the medulla-specific manner (day 5 onwards) implies that this gene also has an important role in testis differentiation, as in other vertebrates. However, the better structural details of GR and prolonged embryonic span in C. versicolor have provided us a better view of its cell specific expression which, in turn, gives a more definitive perspective of the differentiation of cells in GR in Calotes.
The RT-PCR-based evaluation of CvDmrt1 transcription in MGC of embryos from day 8 to day 15 reveals 3 different transcripts which appear to be the products of alternative splicing. In day 8 and 10 MGCs, the three transcripts are seen in all the embryos. However, those belonging to embryos of day 13 and 15 show two patterns (i) those showing all the three transcripts (Fig. 5C, lane 1, 2, 4 , 5, 6; 5D, lane 1, 2, 5) and (ii) others showing little or no signal of any of the transcripts (Fig. 5C, lane 3; 5D, lane 3, 4, 6 ). Even though, there are no sex-specific markers until day 15 of embryonic development, the pattern is strongly suggestive of the sexual dimorphism in CvDmrt1 expression of the GRs in day 13 and 15 embryos. This dimorphism becomes much better defined in the RISHed MGC from the same stages.
The RISHed MGC's from day 5 to day 15 display increasingly differential pattern of expression with the progress of the stages. In those where the expression is seen through major part of GR, it occurs in the cells occupying the median region, and the peripheral coelomic epithelium forms only a thin layer which neither proliferates nor expresses of CvDmrt1. In contrast, MGC's showing little or no expression of CvDmrt1 have well developed coelomic epithelium, invading the centre of GR, with a few mesonephros-proximal mesenchymal cells in which CvDmrt1 is lowly expressed. Thus the in situ results exhibit dimorphism even earlier to day 13 as suggested by the RT-PCR. Histological sections of the RISHed samples clarify that the cells showing CvDmrt1 expression at these stages are differentiating Sertoli cells only and they are of mesenchymal origin. The genital system (Mullerian duct and hemipenis) becomes sex-specifically differentiated from day 20 onwards. Using these markers it is confirmed in the day 30, 35 and 40 embryos that those in which CvDmrt1 is highly expressed hemipenis is present but MD is absent, and thus they are male. In contrast, embryos having poor expression of the gene, lack hemipenis but MD is intact.
The in situ expression pattern of CvDmrt1 gives strong indication that in Calotes the presertoli cells arise from mesenchymal cells, proliferating from the edge of the mesonephros, and not from coelomic epithelium. On the other hand, the GR in which CvDmrt1 does not (or lowly) express coelomic epithelial cells show heavy proliferation, indicating that the ovary-specific granulosa cells originate from the coelomic epithelial cells. That is, the Sertoli and granulosa cells arise from different cell lineages, unlike in mammals where the Sertoli and granulosa cells are believed to originate from the same progenitors, either coelomic epithelium (Karl and Capel, 1998) or mesenchymal cells (Albrecht and Eicher, 2001 ). It appears therefore, that though the ontogeny of gonadal differentiation in vertebrates is evolutionarily conserved, the composition of genital ridge and the progenitors of the Sertoli and the granulosa cells may be different in different taxa.
There is distinct difference in the expression pattern of CvDmrt1 in embryos of day 30 and beyond from the early embryos. Firstly, because it occurs in all the embryos (male as well as female) and secondly, instead of only in the Sertolis it is expressed preferentially in the germ cells. Espe-cially in the female GR a low level of expression is seen throughout the cortex from day 25 onwards, and at least in the day 30 and 35 the expression appears to be predominantly in germ cells. Thus CvDmrt1 appears to play a dual role in C. versicolor, first in effecting testis differentiation by promoting proliferation and differentiation of presertoli cells and later in gametogenesis by promoting germ cell proliferation both in ovary and testis.
The three amplicons resulting from the embryonic RTPCRs are quite clearly products of alternative splicing of single precursor mRNA. All the amplicons (Dmrt1, d1, and d2) would potentially code for protein isoforms having similar N-terminus DM domain. However, in d1 exon 3 is short of just about 26 amino acids. In d2, where entire exon 3 is spliced out, frame-shift of one nucleotide in the ORF is noticed leading to an altered sequence of amino acids beyond exon 2. In this case the putative product would lack evolutionarily conserved region I in exon 3 and region II in exon 4 (Chen and Heckert, 2001) . Curiously, the region deleted in d1, is conserved in mammalian, avian and reptilian orthologues (see Fig. 1 in Kettlewell et al., 2000) but absent in lower vertebrates (amphibians and fishes) (see Fig.  4 in Brunner et al., 2001) . Apparently, amino acids corresponding to exon 3 are crucial for the testis-specific function of Dmrt1 in higher vertebrates. It is therefore intriguing that in C. versicolor, this exon is partly or totally spliced out in a large proportion of transcripts and raises questions on their 'utility' in gonadal differentiation. That these transcripts are not PCR artifacts has been ensured by their constancy in appearance and conservation of sequence in all the different clones of each type. As mentioned, in Calotes the 3 0 splice donor site of exon 4 has an A ! G transition, which is unique to this species (see Fig. 3 ). Is it possible that this transition contributes to making this site error prone for splicing? Curiously, with the exception of the adult testis, where only Dmrt1 RNA was seen, there was no development stage-specific or sex-specific difference in abundance of any of the products. Either all of them were present in an embryo or none was present, as evident in the day 13 and 15 embryos. Are these aberrantly spliced products relics of an ancestral processes, and redundant at present? This appears to be the first example of alternative splicing in DMRT1 in vertebrates whose functional significance remains to be explored.
Experimental procedures
Animal collection, rearing and collection of eggs
Calotes versicolor, the common garden lizard, is seasonal breeders (June to September in northern India) and undergoes a prolonged hibernation (October to March). Adult individuals were collected from in and around villages close to the University campus. For developmental studies, the eggs were collected from the females during the breeding seasons and, were maintained in a BOD incubator at 28 8C^0.5 8C for 52^1 days under moist condition (see Ganesh and Raman, 1995) . Embryonic stages were classified as per Muthukkaruppan et al., (1970) . Accordingly day 0, 5, 10, 15, 20, 25, 30, 35, 40 correspond to embryonic stages 27, 28, 30-31, 32-33, 34, 35-36, 36-37, 38, 39-40, respectively. 4.2. Cloning and sequencing and sequence analysis cDNA from the adult total testicular RNA was prepared using MMLV reverse transcriptase (USB Amersham). Adult testis cDNA was PCR amplified using a set of degenerate primers, JK 31 and JK 33 for Dmrt1 (Kettlewell et al., 2000) . The gel-purified 606 bp RT-PCR amplicon was cloned in T-Easy vector (Promega, USA) and sequenced by cycle sequencing using Big dye terminators of ABI Prism 377 model. The sequence was also checked by manual sequencing method. Based on this sequence, a new primer set, CvDmF, CvDmR (see below for details) was designed and PCR performed on cDNA from mesonephros goandal complex (MGC). All the amplicons were cloned in T-vector and sequenced as mentioned above. Cvb-actin amplicons were made from the adult testis cDNA using the primer set AmACT-1, AmACT-2 (see below for details). The amplicon (678 bp) was cloned and sequenced as mentioned above (Accession no. AY 090616). In silico sequence comparison was done using Clastal W program of EMBL Bio-Informatics center. All the published DMRT1 nucleotide and amino acid sequences in the data bank were used to align the corresponding cloned CvDmrt1 (606 bp). Putative exon boundaries were deduced from the published human and Fugu, genomic sequence of DMRT1.
Southern and northern hybridizations
Genomic DNA from liver was isolated by the standard phenol/chloroform extraction and ethanol precipitation. Pst1 digested DNA was electrophoresed on 0.8% agarose gel and capillary transferred to nylon membrane (Hybond N, Amersham) and Southern hybridized (Sambrook et al., 1989) , with 32 P-dCTP labeled 1.2 kb cDNA of human DMRT1 and 606 bp CvDmrt1 cDNA probes. For northern hybridization, total RNA was isolated using the TRI reagent (Sigma), according to the manufacturer's instructions. Approximately 10 mg of total RNA was electrophoresed on 1.2% formaldehyde agarose gel, blotted on to nylone membrane (Boehringer Mannheim). Following pre-hybridization (5 £ SSC, 50% Formamide, 5% Denhardts, 1% SDS 100 mg/ml yeast tRNA) at 42 8C, hybridization was performed (5 £ SSC, 50% Formamide, 5% Denhardts, 1% SDS, 5% Dextran sulphate) with the 32 P labeled CvDmrt1 cDNA clone at 42 8C. Blots were washed in 1 £ SSC, 0.1% SDS at 65 8C and exposed to X-ray film for five days. CvDmrt-hybridized blots were reprobed with Cvb-actin cDNA.
Semi-quantitative RT-PCR
Total RNA was extracted separately from freshly dissected individual mesonephros gonadal complexes (MGCs) of different days of embryonic development, using the TRIzol reagent (Gibco BRL) in presence of 10 mg of yeast tRNA as a carrier. Oligo d(T) 17 primed reverse transcription was performed with MMLV RT (USB Amersham) in 20 ml reaction volume (37 8C; 1 h). Equal amount of 1-2 ml of cDNA was taken to amplify ubiquitously expressed Cvb-actin and CvDmrt1. 23 cycles were done for Cvb-actin (primer set AmACT-1: 5 0 -GGG TGT GAT GGT TGG CAT GG-3 0 , AmACT-2: 5 0 -AAG AAA GAT GGC TGG AAG AGG-3 0 , and 36 cycles for CvDmrt1 with the primer set CvDmF 5 0 -ACA AGC GGT TCT GCA TGT GG3 0 , CvDmR: 5 0 -CAT GGC GGT TGT CTG GAC TC-3 0 , at 94 8C for 30 s, 60 8C for 1 min and 72 8C for 1 min. PCR products (10 ml) were analyzed on 3% agarose gels containing 0.5 mg/ml ethidium bromide. PCR controls were as follows: (1) Water:-no cDNA added; tRNA 1 RT added.
(2) CvDmrt1 and Cvb-actin primers used for RT-PCR span introns and amplify no product and ,1350 bp products, respectively, from genomic DNA. This confirms that the amplified products are not genomic in origin.
In vitro transcription, whole-mount in situ hybridization and histology
T-Easy-vector-cloned 606 bp CvDmrt1 fragment was PCR amplified by using the following combinations of primers. pUC universal forward primer, CvDmR and pUC universal reverse primer, CvDmF. pUC primers harbor have T7 and T3 promoter sequence respectively. Templates were gel purified and used directly for in vitro transcription reaction. Dig-11-UTP labeled sense and antisense riboprobes were made according to the manufacturer's recommendation (Roche diagnostics). They were used at a concentration of 0.5 mg/ml.
For whole mount in situ hybridization embryos of corresponding stages were dissected out from the eggs and fixed in 4% paraformaldehyde at 4 8C overnight. Following brief washes in PBS, embryos were gradually dehydrated and were processed for whole mount in situ hybridization, essentially as described by Hargrave and Koopman (2000) with minor modifications. Hybridization was performed at 62 8C for 24 h. Following post hybridization washes (0.1 £ SSC, 0.1% SDS, 65 8C), the MGCs were incubated with pre-absorbed alkaline phosphatase conjugated anti DIG antibodies (dilution-1:2000; Roche Diagnostics) overnight at 4 8C. The post-antibody washes were followed by color reaction with NBT, BCIP in presence of native alkaline phosphatase inhibitor, lavamisole. The time taken for the color development was 2 h for MGCs of up to day 20 embryos, and 4-6 h for samples of later stages. CvDmrt1 sense probe, used as control, did not exhibit signal above the background level. For documentation, the whole mounts were appropriately positioned in 100% glycerol and photographed using Fuji 100 ASA film or stored in Nikon digital still camera (DSC-S75).
Whole mount in situ specimens were processed for histological sections after embedding them in paraffin, as recommended by Hargrave and Koopman (2000) with the following modifications. Specimens were dehydrated through serial ethanol (5 min each in 30, 50, 70, 90% and absolute), cleared in Xylene for 10 min and paraffin embedded. Sections of 8 mm thick were cut according to standard procedures. The processed sections were photographed under Nomarski optics.
